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Description 

This invention relates to UV curable compositions. 

In the manufacture of insulated strip conductor for transformers, bare metal strips are coated with a 

5 resin, the resin is cured, and the coated strips are wound into supply coils. Coated strips are typically made 
by passing bare aluminum strips through a solvent-based enamel, then into a heating tower to evaporate 
the solvent and cure the enamel. Typically, about three passes are required to obtain a sufficiently thick 
build on the strips to provide adequate insulation. This process is not as economical as it might be because 
heat is needed to evaporate the solvent, and the solvent must then be collected or incinerated to prevent 

10 environmental pollution. 

A 100% solids enamel can also be used for coating the strips. Such enamels can be prepared by using a 
monomer instead of a solvent. An oligomer is dissolved in the monomer and the monomer then reacts with 
the oligomer during cure. While this eliminates the solvent, these enamels cure slowly and some of the 
monomer is still lost to evaporation. 

15 Another difficulty in formulating suitable compositions for this purpose, is that it is difficult to find 

polymers which are stable in the hot oil environment of transformers. Oil-filled transformers contain paper 
insulation which releases water when the transformer is in operation. The hot water then hydrolyzes the 
polymer coated on the strips, especially if they are condensation polymers. The problem is aggravated by 
the presence of acid. The acid degrades the paper, releasing still more acid, a chain reaction which can 

20 rapidly destroy the paper insulation. An acid also accelerates an aqueous attack against a condensation 
polymer. Acid acceptors are usually added to neutralize the acid, but if the pH in any area of the transformer 
is too high or too low, the polymer in that area may be attacked by hydrolysis. 

U.S. Patent 4,221,686 discloses an ultraviolet radiation curable printing ink which is the reaction 
product of (1) a compound prepared by reacting an unsaturated monobasic acid such as acrylic acid with a 

25 poly isocyan ate compound such as toluene diisocyanate and (2) a compound prepared by reacting an 
epoxy compound with an unsaturated monobasic acid. The curing is accomplished by ultraviolet 
irradiation in the presence of benzoin methyl ester, a photoinrtiator. 

U.S. Patent 3,373,221 discloses a composition prepared by reacting a polyepoxide with an unsaturated 
mono- or di-carboxylic acid followed by reacting the resultant product with an organic poly-isocyanate. 

30 EP — A — 0044150 discloses a solventless thermosetting cement coat composition, curable with UV light 
to the B-stage and then with heat to the C-stage consisting of 

(A) from 40 to 90% of a solution of from 25<to 50% monoacrylate and from 50 to about 75% of a 
compound selected from an acrylated epoxy, an amine terminated acrylate epoxy resin, an acrylated 
urethane, or mixtures thereof; 

35 (B) 0 to 35% of a solution of from 50 to 80% end-blocked urethane and from 20 to 50% monoacrylate; 

(C) 0 to 43% of a solution of from 70 to 90% acrylated hexamethoxymethyl melamine and from 10 to 
30% monoacrylate; 

(D) 0 to 35% of a solution of from 80 to 90% low molecular weight cresol formaldehyde resin and from 
10 to 20% monoacrylate; 

40 (E) from 0.5 to 5% of a UV photoinltiator; and 
(F) from 0.2 to 2% of a curing agent 

We have now discovered an ultraviolet curable composition which is particularly suitable for coating 
the strip conductors used in forming transformer coils. The composition of this invention is completely 
solventless and therefore avoids the problems of energy consumption in heating and evaporating the 
45 solvent, solvent pollution, and the cost of solvents. The composition produces smooth, uniform coatings 
and to be successfully applied, does not require critical control of the speed of the strip under the ultraviolet 
lights. 

The most extraordinary property of coatings produced with the compositions of this invention is the 
unexpectedly long thermal life that the coatings have in an oil-filled transformer. Surprisingly, the coatings 

so perform better than the formvar wire enamel standard (a polyvinyl formal blend which usually contains a 
phenolic resin, an isocyanate, and a melamine formaldehyde resin) which still is used in transformers. In 
tests which were performed on transformers under extreme temperature conditions, coatings made 
according to this invention remained intact long after the other components of the transformer had failed. 
This was a rather unusual finding because when the coatings were tested in air they did not exhibit such an 

55 extraordinary long thermal life, so that one could not have predicted that they would have this property in a 
transformer. 

The present invention provides a UV curable coating composition characterised in that said 
composition comprises 

(A) from 20 to 40% by weight of an acrylated epoxy which comprises the reaction product of about 
60 2equiv. of an expoxy resin having an E.E.W. of from 1500 to 5000, and from 0.9 to 1.1 equiv. of 

(1) an anhydride acrylate adduct where said anhydride acrylate adduct has a functionality of 1 
except in the case of trimellitic anhydrite where said adduct has a functionality of 2, where said anhydride 
acrylate adduct comprises the reaction product of 

(a) an acrylate selected from 2-hydroxyethyl acrylate, 2-hydroxy propyl acrylate, 2-hydroxy ethyl 
65 methacrylate, and mixtures thereof; and 



2 



0 109 744 

(b) 1 mole, ±10 mole %, per mole of said acrylate of an anhydride selected from phthalic 
anhydride, maleic anhydride, trimellitic anhydride, and mixtures thereof; and/or 
(2) an isocyanate which comprises the reaction product of 

(a) 1 mole of an acrylate selected from 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 2- 
5 hydroxyethyl methacrylate, and mixtures thereof; and 

(b) 1 mole of toluene diisocyanate, 4,4'-diisocyanatodiphenylmethane, or mixtures thereof. 

(B) from 4 to 15% by weight of an acrylated blocked isocyanate which comprises the reaction product 
•of 1 mole caprolactam and 1 mole of an isocyanate adduct which comprises the reaction product of 

(1) 1 mole of an acrylate selected from 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 2- 
10 hydroxyethyl methacrylate, and mixtures thereof; and 

(2) from 0.99 to 1.01 mole of a compound selected from toluene diisocyanate, 4,4'-diisocyanatodi- 
phenyl methane, and mixtures thereof; 

(C) from 45 to 65% by weight of a monoacrylate, of which at least 60% by weight is phenoxyethyl 
acrylate; 

15 (D) from 5 to 20% by weight of a polyacrylate, of which at least about 50% is tetraethylene glycol di- 

acrylate; 

(E) from 2 to 5% by weight of a photoinitiator; 

(F) from 0.05 to 0.3% by weight of inhibitor; and 

(G) up to 30% by weight of a compound selected from acrylated hexamethoxymethyl-melamine, 
20 acrylated urethane, and mixtures thereof. 

The composition of this invention is prepared by blending a number of separate components, some of 
which must be specially prepared in several reactions. 

In the first step of this invention an anhydride or isocyanate acrylate adduct is prepared by reacting an 
acrylate with an anhydride or a diisocyanate. Acrylates which are useful in preparing the anhydride or 

25 isocyanate* acrylate adduct are 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 2-hydroxyethyl meth- 
acrylate, and mixtures thereof. Of these three acrylates, 2-hydroxyethyl acrylate and 2-hydroxypropyl 
acrylate are preferred as they react faster in the final UV cure. The anhydrides which can be used are 
phthalic anhydride, maleic anhydride, trimellitic anhydride, and mixtures thereof. Trimellitic anhydride is 
preferred because it results in a dicarboxylic acid after the adduct formation which does not end block as 

30 the monocarboxylic acids produced by other two anhydrides do. The reaction of the acrylate with the 
anhydride occurs with the hydroxyl group of the acrylate, opening the anhydride ring to produce an 
anhydride acrylate adduct having an ester linkage with a carboxylic group at one end and an acrylate group 
at the other. 
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C C— OH 

/ X 0 + HOR' — R 

\ / \ 

C C— OR' 



The reaction of the anhydride with the acrylate can be conducted at 120°C for an hour and a half; if tri- 
45 mellitic anhyride and 2-hydroxyethyl acrylate are used the reaction is complete at an acid number of 364. 
One mole, ±10 mole % of the anhyride is used per mole of the hydroxy acrylate to prepare the anhydride 
acrylate adduct. 

An isocyanate acrylate adduct can be prepared by reacting the hydroxy acrylate with a diisocyanate. 
The diisocyanates which can be used are toluene diisocyanate, 4,4'-diisocyanato diphenyl methane, or 
50 mixtures thereof. One mole of the diisocyanate, ±1 mole%, is reacted with each mole of the acrylate. The 
reaction occurs between the isocyanate group and the hydroxyl group of the acrylate. The product is an iso- 
cyanate acrylate adduct having a urethane linkage with an isocyanate at one end and an acrylate group at 
the other: 



R— N=C=0 + HO— R' -> R — NH — C — OR' 



The reaction of the diisocyanate with the acrylate occurs at about 70°C and is complete in from 1 to 2 
60 hours. The acrylate adduct is preferably prepared by reaction of the anhydride with the acrylate rather than 
by reaction of the diisocyanate with the acrylate because the anhydride acrylate adduct produces better 
properties in the coating. Both reactions should be performed in the presence of an acrylate polymerization 
inhibitor, preferably benzoquinone or hydroquinone, which should be present whenever an acrylate is 
being reacted and its polymerization (cure) is not desired. The inhibitor remains present with the acrylate 
65 adduct reaction products for use in subsequent reactions. 
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In the next step of this invention the anhydride acrylate adduct, isocyanate acrylate adduct, or mixture 
thereof is reacted with an epoxy resin to produce an acrylated epoxy. Any epoxy may be used, including 
bisphenol A epoxies, bisphenol S epoxies, hydantoin epoxies, epoxy novolacs, cycloaliphatic epoxies, or 
mixtures thereof. Bisphenol A epoxies are preferred as they give the best flexibility and the toughest 

5 coatings. The epoxy resin should have an epoxy equivalent weight (E.E.W.) of from 1 500 to 5000 as below 
1500 the coatings are too brittle and above 5000 the composition is to viscous. 

The reaction of the acrylate adduct with the expoxy resin is conducted in a solution of acrylate 
monomers to reduce the viscosity. From 40 to 60% by weight of the total of the acrylate adduct, the epoxy 
resin, and the monomer, should be mixed monomers. The composition of the acrylate monomer mixture 

io ranges from 70 to 90% by weight mono-acrylate and from 10 to 30% polyacrylate. If less than 70% mon- 
acrylate is used, the resulting coating will lose heat shock resistance and if more than 90% monoacrylate is 
used the coating has poorer cut-through resistance. At least about 60% of the mono-acrylate used in the 
entire composition should be phenoxyethyl acrylate as it has the best solvent power in the composition 
and produces more flexible coatings. Another monoacrylate which can be used is dicyclopentadiene 

15 acrylate. At least about 50% of the polyacrylate used in the overall composition should be tetraethylene 
glycol di-acrylate as that polyacrylate does not reduce the flexibility of the coatings as much as other poly- 
acrylates. Other suitable polyacrylates include trimethylpropane triacrylate, hexanedioi diacrylate, and 
neopentyl glycol diacrylate. The polyacrylate need not be added at this step but may be added at another 
point in forming the composition, and is preferably not added until the final blend is prepared. 

20 If the acrylate adduct is prepared from an anhydride, the 1 equivalent of carboxyl in the acrylate aduct, 

±10 equivalent %, is reacted with 2 equivalents of the epoxy resin to make the acrylated epoxy. The 
reaction of the anhydride acrylate adduct with the epoxy resin can occur at from 140 to 150°Cforfrom 1 to2 
hours; the reaction is complete when an acid number is reached of less than 3. The reaction is believed to 
occur between one of the epoxy groups on the epoxy resin and the carboxyl group of the acrylate adduct to 

25 produce an acrylated epoxy having an ester linkage: 

O O 



30 



n 

R-CH - ChL+C-R'-^R-CH-CH o -0-C--R' 

\/ I I 

O HO OH 



If the acrylate adduct is prepared from a diisocyanate, then 1 equivalent of the acrylate adduct, ±10 
35 mole % is reacted with 1 equivalent of the epoxy resin. The reaction is believed to occur between the iso- 
cyanate group and the hydroxyl group of the expoxy resin to produce an acrylated epoxy having a urethane 
linkage: 

O 

i 

O-C-NH-R' 

[^R-O-CH^CH-CHg-O^ + 0=C=N-R'->- {^R-O-CH^CH-CHg-O^ 
45 OH 

The reaction between the epoxy resin and an isocyanate acrylate adduct will occur at 120° after about 1 
hour. 

so In the next step of this invention, an isocyanate hydroxy acrylate adduct, prepared as described above, 

is reacted with caprolactam to produce an acrylated blocked isocyanate. About 1 mole of caprolactam is 
reacted per mole of acrylate adduct, ±1 mole %, The reaction will occur at 100°C for about 1 hour. The 
reaction is believed to occur between the isocyanate group and an active hydrogen on the caprolactam ring 
to form a urethane linkage. 

55 

O 
II 

R_N=C«04-H-N— (CHJ.-H- R-NH-C-N— (CH ) 

\ j V J 

so x c / c- — y 

■ i 

o o 

55 In this reaction, inhibitors should also be present as before to prevent the polymerization of the acrylate 
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groups. Also, from 20 to 40% by weight of a monomer, based on the total weight of the acrylated blocked 
isocyanate and the monomer, should be present to solubilize the product 

In the next step of this invention, the acrylated epoxy and the acrylated blocked isocyanate are blended 
with the other components of the composition which have not already been added to those two 

5 components. This includes a photoinitiator which may be benzoin ether, 2,2-dimethoxy-2-phenyl aceto- 
phenone, or other common UV photoinitiators. Other optional components which may be added include an 
acrylated hexamethoxymethylmelamine, an acrylated urethane, or mixtures thereof for a higher thermo- 
plastic flow temperature (cut through); preparation of these materials is described in Examples 17 and 18. 
The overall composition comprises from 20 to 40% of the acrylated epoxy, from 4 to 1 5% by weight of 

io the acrylated blocked isocyanate, from 45 to 65% of the monoacrylate, of which at least 60% is phenoxy- 
ethyl acrylate, from 5 to 20% polyacrylate, of which at least 50% is tetraethylene glycol diacrylate, from 2 to 
5% photoinitiator, from 0.05 to 0.3% inhibitor, and up to about 30% of an acrylated hexamethoxymethyl- 
melamine, an acrylated urethane, or mixture thereof. If less than 20% of the acrylated epoxy is used, the 
coatings lose flexibility, toughness, and hydrolytic stability, and if more than 40% of acrylated epoxy is 

is used, the coatings lose cut-through resistance. If less than 4% of the acrylated blocked isocyanate is used, 
the coatings lose cut-through and if more than 15% of the acrylated blocked isocyanate is used, the 
coatings lose flexibility and heat shock. If less than 45% of the mono-acrylate is used, the composition 
becomes too viscous to work with easily, and if more than 65% of the mono-acrylate is used, the resulting 
coatings will lose hardness and cut-through resistance. If less than 5% polyacrylate is used, there will be a 

20 loss of cut-through resistance and if more than 20% polyacrylate is used, the coatings will lose heat shock 
and flexibility. If less than 2% photoinitiator is used, the reaction will occur too slowly and the product will 
be tacky; more than 5% photoinitiator is unnecessary and wasted. If less than 0.05% inhibitor is used, the 
composition will have poor tank stability and if more than 0.3% inhibitor is used, the reactions will be slow. 
If more than 30% acrylated hexamethoxymethyl-melamine, acrylated urethane, or mixture thereof is used 

25 flexibility and adhesion are reduced. The preferred composition ranges are from 25 to 35% by weight 
acrylated epoxy, from 4 to 1 0% acrylated blocked isocyanate, from 50 to 60% monoacrylate, from 7 to 1 1 % 
polyacrylate, from 2 to 5% photoinitiator, from 0.05 to 0.3% inhibitor, and from 10 to 20% acrylated hexa- 
methoxymethyl-melamine, acrylated urethane, or mixture thereof. 

The composition may be used to coat any conductive substrates including such metals as steel, 

30 copper, and aluminum; aluminum is especially desired as it is commonly used in transformer coils. The 
coating can be most easily applied to a conductor by dipping the conductor in it and wiping off the excess. 
The coated substrate is then passed between a bank of ultraviolet lights which rapidly cures the coating. 
The lights should be of sufficient intensity to cure the coating, but wavelength and time beneath the lights 
is not particularly critical. Fusion systems Mercury H bulbs with over 50% of the spectrum in the ultraviolet 

35 spectra can be used; the power of these lamps is typically from 200 to 300 Watts per Inch. The irradiated 
coated conductor can then be wound into coils and stored or it can be used immediately, 

The Invention is most suitable for coating aluminum strip used in forming distribution and power 
transformer coils. The cross-section of the strips commonly ranges from 10 to 70 mils thick and 3 to 18 
inches wide. The strips are then wound into coils which are then made into transformers. A post-cure is 

40 then applied of about 130°C for about 4to 17 hours. Since transformers are typically dried and baked under 
those conditions before use anyway as a standard procedure, no additional heating step is required in 
making transformers. 

The invention will now be illustrated with reference to the following Examples. The examples generally 
proceed from less optimal or more optimal formulations. The results of Examples 1 to 12 are given in the 
45 table which follows Examples 1 to 12 are given in the table which follows Example 12. Examples 11, 12, 17 
and 18 illustrate the invention and the remaining examples are presented for the purpose of comparison. 

Example 1 

Part I. The following materials were charged into a two-liter reaction flask equipped with a stirrer, 
50 thermometer, nitrogen sparge tube, and short air condenser: 
116.1 g 2-hydroxyethyl acrylate 
148.1 g phthalic anhydride - 
2.0 g benzoquinone 

The reaction mixture was heated at 110— 115°C for approximately 1—1/2 hours to an acid number of 

55 approximately 212 to produce an anhydride acrylate adduct. 

Part II. At this point, 356.0 g of an epoxy novolac having an epoxy equivalent weight of 178 which was 
dissolved in 266 g of 2-phenoxyethyl acrylate was added to the anhydride acrylate adduct of Part I along 
with 1.2 g of trlethanolamine. The reaction was continued at 125— 130°C for two hours to an acid number of 
10.6, which produced an acrylated epoxy. The reaction product was cooled below 60°C and 35.6 g of 

60 benzoin ether, a photoinitiator sold by Stauffer Chemical Company under the designation "Vicure 10," was 
added. 

The formulation was coated onto an aluminum Q-panel by pulling the wet panel through two grooved 
metering bars (die pins) held in a spring-loaded fixture. The die pins were separated by shims (25 mil 
panel— 28 mil shims). The wet coated panel was irradiated by exposing it to 10FPM to two ten-inch Fusion 
65 Systems "H" lamps at 300 watts/inch, to polymerize the coating and then tested. Additional panels coated 
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and polymerized in this manner were post-cured for four hours at 145°C and tested in the post-cured 
condition. 

The preliminary evaluation consisted of the following tests: 
1. Build 

5 2. Pencil Hardness (ASTM D3363— 74) 

3. Bend Test (45°— 90°— 180° bend on 1/16 inch mandrel) 

A film with fair hardness (3B to 3H post-cured) but poor flexibility (45 6 — 90° bend), both with and 
without post-cure, was obtained. 

Example 2 

To 132.1 g of the acrylate adduct prepared in Part I of Example 1 was added 145.0 g of a hydantoin 
epoxy having an epoxy equivalent weight of 145 dissolved in 1 19.0 g phenoxyethyl acrylate. The materials 
were heated in a one-liter reaction flask as in Example I at 125 — 130°C for two hours to an acid number of 2, 
then cooled. To 50.0 g of the reaction product were added 2.0 g of "Vicure 10" photoinitiator, 0.25 g of 
tertiary butyl perbenzoate, and 0.02 g of fluorocarbon wetting agent sold by the 3M Company under the 
trade designation "FC 430". After coating arid curing the ultraviolet light, the film was hard but brittle. 

Example 3 

Part I. Into a one-liter reaction flask was charged the following: 

348.2 g toluene diisocyanate (80% 2,4 toluene diisocyanate and 20% 2,6-toluene diisocyanate) 
232.2 g 2-hydroxyethyl acrylate 
0.12 g benzoquinone 

The 2-hydroxyethyl acrylate was added portion-wise, keeping the exotherm temperature below 60°C. 
The reaction was continued at 60 — 70°C for one hour and 226.2 g of e-caprolactam was added. The reaction 
was continued at 100°C for one hour and 201.5 g phenoxyethyl acrylate was added and the reaction 
product, an acrylated blocked isocyanate, was cooled. 
Part II. To a 600 ml stainless steel beaker was added: 
192.1 g trimellitic anhydride 
116.1 g 2-hydroxyethyl acrylate 
2.6 g benzoquinone 

The reactants were heated to 120°C for 1 — 1/2 hours to an acid number of 364' to produce an acrylate 
adduct. 

A five-liter reaction flask equipped as in Example 1 was charged with 66.0 g of the above material along 
with 1928.4 g of a bisphenol A epoxy resin having an epoxy equivalent weight of 2200, 1988.4 g of 
phenoxyethyl acrylate and 17.1 g of triethanolamine. The reactants were heated to 140 — 150°C for 1 — 1/2 
hours to an acid number of 2 to 5 to produce an acrylated epoxy. 

A blend was prepared containing 45.0 g of Part II, 5.0 g of Part I, and 2.0 g of "Vicure 10" photoinitiator. 
The film was flexible and hard and the hardness improved with a post-cure to 4H/5H. 

40 Example 4 

To 100.0 g of the formulation of Example 1 was added to 50.0 g of hexanediol diacrylate and 2.0 g of 
"Vicure 10" photoinitiator. The coatings were slightly harder than those of Example 1, but still lacked the 
desired flexibility. 

45 -» * - Example 5 

To 100.0 g of the formulation of Example 2 were added 50.0 g of trimethylol propane triacrylate and 
2.0 g of "Vicure 10" photoinitiator. Good hardness (5H— - 6H) was is obtained, but low flexibility. 

Example 6 

so To 100.0 g of the formulation of Example 3 was added 50.0 g tetraethyleneglycol diacrylate and 2.0 g 

"Vicure 10" photoinitiator. The film was hard (3H/4H) and flexible (180° bend) but showed a lack of 
adhesion. 

Example 7 

55 The reaction of Part I of Example 3 was duplicated but 376.0 g of an epoxy with an epoxy equivalent 

weight of 188 replaced the 201.5 g of phenoxyethyl acrylate at the end of the reaction. 

To 25.0 g of this material was added 25.0 g of Part II of Example 3 and 2.0 g of "Vicure 10" photo- 
initiator. The UV-cured coating had good hardness and flexibility. The hardness was improved to 4H/5H 
with a post-cure but the flexibility was reduced to passing a 90° bend. 

60 

Example 8 

To 20.0 g of the composition of Example 7 was added 10.0 g of dicyclopentadiene acrylate plus 0.4 g 
"Vicure 10" photoinitiator. The UV-cured film was harder than that of Example 7 and the flexibility was 
lower. After post-cure, both the flexibility and hardness were good. 
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Example 9 

To 20.0 g of the composition of Example 3 was added 10.0 g dicyclopentadiene acrylate plus 0.4 g of 
"Vicure 10" photoinitiator. The UV-cured coating was brittle but the post-cured coating was flexible with 
good hardness. 

5 

Example 10 

To 20.0 g of the composition of Example 3 was added 10.0 g of 2-phenoxyethyl acrylate plus 0.4 g of 
"Vicure 10" photoinitiator. The UV-cured coating was flexible with fair hardness. After post-cure the 
hardness was improved to H/2H and the good flexbility was retained. 

to 

Example 1 1 

To 20.0 g of the composition of Example 3 was added 7.5 g dicyclopentadiene acrylate and 2.5 g tetra- 
ethylene glycol diacrylate and 0.4 g "Vicure 10" photoinitiator. The UV-cured coating was brittle and the 
post-cured coating was flexible with good hardness (3H/4H). 

15 

Example 12 

To 20.0 g of the composition of Example 3 was added 7.5 g phenoxyethyl acrylate plus 2.5 g tetra- 
ethylene glycol diacrylate plus 0.4 g "Vicure 10" photoinitiator. The UV-cured panel showed a hardness of 
3B/H which was increased to 2H/3H with post-cure. Flexibility was good before and after post-cure. 
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Example 13 

The coated Q-panels of Examples 3, 6, 8, 10, and 12 were selected for 28-day tests at 150°C sealed in 
transformer oil. The results of 180° bend tests and hardness tests after aging are shown in the table which 
follows. The composition of Examples 3, 10, and 12 passed the bend tests with both UV-cured and post- 
5 cured panels after the 150°C aging test. The post-cured panels of Example 10 retained the initial hardness 
after aging (H/2H). The post-cured panels of Example 12 increased two more grades in hardness with aging 
to 4H/5H. 

180° Bend Test 

w 

Hardness 



Example 


UV-Cure 


Post-Baked 


Post-Baked 


3 


Pass 


Pass 




6 


Fail 


Fail 




8 


Fail 


Pass 




10 


Pass 


Pass 


H/2H 


12 


Pass 


Pass 


4H/5H 



Post-Baked 4 Hr. at 145°C. 

25 

Example 14 

The solutions of Example 10 and 12 were coated on #17 AWG aluminum wire at 20 ft/min to 60 ft/min 
using a 49 mil bullet die and curing with four 12-inch UV mercury lamps at 300 watts/in. with the lamps 
parallel to the wire travel spaced 90° apart around the wire. The results are given in the table which follows: 

30 







Example 10 






Example 12 




Wire Speed ft/min 


20 


40 


60 


20 


40 


60 


Smoothness 


Smooth 


Smooth 


Smooth 


Smooth 


Smooth 


Smooth 


Build, mil 


1.8 


1.8 


1.8 


1.6—1.8 


1.6—1.8 


1.6—1.8 


Quick Snap 


Pass 


Pass 


Pass 


Pass 


Pass 


Pass 


Elongation + 1X mandrel 2 


25% 


25% 


25% 


20 


20 


20 


Cut-through Temperature 3 


73°C 






92°C 







45 i _ Passed parallel to 4 UV lamps, 12 inches long at 300 watt/in. 

2 — Maximum elongation passing a 1X mandrel. 
3 — 2 Kg weight on crossed wire — temperature increased at 5°C/min. 

Example 15 

50 Good flexible coating at 1.6—1.8 mils build were obtained using the composition of Examples 10 and 

12, on AWG 17 aluminum wire coated at 20 ft/min. The 20 ft/min coatings were aged for 28 days at 1 50°C in 
transformer oil. The results of cut-through tests are shown in the table which follows. The cut-through 
resistance of Example 12 increased from 92°C as made, to 150°C after four hours post-cure at 145°C and to 
186°C after four hours post-cure plus 28 days aging in hot oil. 

55 



60 



65 
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Cut-Through Temperature 1 



Post-Baked 
Post-Baked + 28 Days 
Formulation As Made 4 Hr. @ 145°C in150°COil 



Example 10 73°C 103°C 114°C 

Example 12 92°C 150°C 186°C 

to 

Two kg weight on crossed wires temperature increased 5°C min. 
Example 16 

The composition of Example 12 was chosen for final evaluation by coating on 0.010 inch by 5— X A inch 
is aluminum strip. Two thousand feet of strip was successfully coated by continuously pumping excess 
coating on the strip and by pulling the wet strip through two grooved metering bars (die pins) held in a 
spring-loaded fixture. The die pins were separated by shims (10 mil strip — 13 mil shims). The wet coated 
strip was irradiated by exposing it at 10 FPM to two ten-inch Fusion Systems "H" lamps at 300 watts/inch, 
one lamp for each side of the strip. The coated strip was rewound into round supply coils, similar to those 
20 on which bar strip is supplied. This aluminum strip was wound into thirteen 10 kVa 7200 V transformers, 
which have all passed production tests. The results of thermal life tests on these transformers were extra- 
ordinarily successful. Three transformers thermally aged at 200°C have exceeded 1500 hours life, which is 
ten times the required life at that temperature. At 180°C the units have exceeded 2200 hours life, which is 
almost five times the required life at that temperature. The UV coatings on strip removed from trans- 
25 formers aged at 200°C still retain good color, flexibility and adhesion long after the Formvar wire enamel in 
the high voltage windings is badly discolored and embrittled. * 

The enamel of this composition performs ideally as an aluminum strip insulation since it cures to a "B- 
state" during the UV cure. It then completes its cure during the coil brake, developing turn-to-turn 
adhesion. A bifilar test coil wound from two strips of 0.010 inch by 5— Va inch aluminum enameled with the 
30 composition of Example 12 developed excellent turn-to-turn adhesion during a standard coil bake while 
maintaining good turn-to-turn electric strength. 

The viscosity of Example 1 2 measured 5900 cp at 26°C when prepared, which is a convenient viscosity 
for strip coating. The tank life at 26°C was good. After two months at 26°C the viscosity was 6030 cp and 
after ten months it had increased to only 8000 cp. 

35 

Example 17 

Part I. Into a one liter reaction flask are charged the following: 
174.1 g toluene diisocyanate (80% 2,4 and 20% 2,6) 
1 1 6. 1 g 2-hyd roxy ethyl aery late 
40 0.12 g benzoquinone 

The 2-hydroxyethyl acrylate was added portion wise with the benzoquinone dissolved in. The exotherm 
temperature was kept below 60°C. The reaction was continued at 60— 70°C for one hour and 185.0 g 
hexamethylmelamine was added. The reaction was continued at 120— 125°C for Y% hour and 121.2 g 
phenoxyethyl acrylate was added and the solution cooled. 
45 To 80.0 g of the solution of Example 12 was added 20.0 g of Part I. The UV cured coating was flexible 

and showed a hardness of 1H/2H before post-cure and a hardness of 3H/4H after post cure. It also showed 
an improvement of thermoplastic flow temperature after post-cure when compared with Example 12. 

Example 18 

so Into a 2-liter flask equipped with a motor stirrer, air condenser and nitrogen sparge was added: 

696.4 g toluene diisocyanate 
506.6 g 2-phenoxyethyl acrylate 
1.76 g benzoquinone 

To this solution was addded slowly with cooling 270.8 g of 1,4-butanediol, keeping the exotherm 
55 temperature below 120°C. The reaction was continued at 125°C for one hour, then cooled to 100°C then 
232.2 g 2-hydroxyethyl acrylate was added slowly and reacted for an additional hour at 125°C. The product 
was dissolved in 426.9 g of 2-phenoxyethyl acrylate and cooled. 

To 80.0 g of the blend of Example 1 2 was added 20.0 g of the above acrylated urethane. The UV coated 
panel showed excellent flexibility and hardness which improved after a thermal a post-cure. 

60 

Claims 

1. A UV curabie coating composition characterized in that said composition comprises 
(A) from .20 to 40% by weight of an acrylated epoxy which comprises the reaction product of about 2 
65 equiv. of an epoxy resin having an E.E.W. of from 1500 to 5000, and from 0.9 to 1.1 equiv. of 
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(1) an anhydride acrylate adduct where said anhydride acrylate adduct has a functionality of 1 
except in the case of trimellitic anhydride where said adduct has a functionality of 2, where said anhydride 
acrylate adduct comprises the reaction product of 

(a) an acrylate selected from 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 2-hydroxy ethyl 
5 methacrylate and mixtures thereof; and 

(b) 1 mole, ±10 mole %, per mole of said acrylate of an anhydride selected from pthalic 
anhydride, maieic anhydride, trimellitic anhydride, and mixtures thereof; and/or 

(2) an isocyanate which comprises the reaction product of 

(a) 1 mole of an acrylate selected from 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 2- 
10 hydroxyethyl methacrylate, and mixtures thereof; and, 

(b) and 1 mole of toluene diisocyanate, 4,4'-diisocyanatodiphenylmethane, or mixtures thereof; 

(B) from 4 to 15% by weight of an acrylated blocked isocyanate which comprises the reaction product 
of 1 mole caprolactam and 1 mole of an isocyanate adduct which comprises the reaction product of 

(1) 1 mole of an acrylate selected from 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 2-hydroxy- 
is ethyl methacrylate, and mixtures thereof; and 

(2) from 0.99 to 1.01 mole of a compound selected from toluene diisocyanate, 4,4'-diisocyanato 
diphenylmethane, and mixtures thereof; 

(C) from 45 to 65% by weight of a monoacrylate, of which at least 60% by weight is phenoxyethyl 
acrylate; 

20 (D) from 5 to 20% by weight of a polyacrylate, of which at least about 50% is tetraethylene glycol 

diacrylate; 

(E) from 2 to 5% by weight of a photoinitiator; 

(F) from 0.05 to 0.3% by weight inhibitor; and 

(G) up to 30% by weight of a compound selected from acrylated hexamethoxymethyl-melamine, 
25 acrylated urethane and mixtures thereof. 

2. A composition according to claim 1, characterized in that the epoxy resin is bisphenol A epoxy resin. 

3. A composition according to claim 1 or 2, characterized in that the inhibitor is selected from benzo- 
quinone, hydroquinone, and mixtures thereof. 

4. A UV curable coating composition characterized in that said composition comprises 

30 (A) from 25 to 35% by weight of an acrylated epoxy which comprises the reaction product of 

(1) a bisphenol A epoxy resin having an E.E.W. of from 1500 to 5000; 

(2) an acrylate adduct which comprises the reaction product of 

(a) an .acrylate selected from 2-hydroxyethyl acrylate, 2-hydroxyethyl acrylate, and mixtures 
thereof; and 

35 (b) 1 mole, ±10 mole% per mole of said acrylate, of trimellitic anhydride, 

(B) from 4 to 10% by weight of an acrylated blocked isocyanate which comprises the reaction product 

of 

(1) Caprolactam; and 

(2) 1 mole, ±1 mole %, per mole of said caprolactam, of an isocyanate adduct which comprises the 
40 reaction product of 

(a) an acrylate selected from 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, and mixtures 

thereof; 

(b) 1 mole, ±1 mole %, per mole of said acrylate, of toluene diisocyanate, 4,4'-diisocyanato- 
diphenylmethane or mixtures thereof; 

45 (C) from 50 to 60% by weight of a monoacrylate, of which at least 60% by weight is phenoxyethyl 

acrylate; 

(D) from 7 to 11% by weight of a polyacrylate, of which at least about 50% is tetraethylene glycol 
diacrylate; 

(E) from 2 to 5% of a photoinitiator; 
so (F) from 0.05 to 0.3% inhibitor; and 

(G) from 10 to 20% by weight of a compound selected from acrylated hexamethoxymethyl-melamine, 
acrylated urethane, and mixtures thereof 

5. A method of preparing a UV curable coating composition characterized by 

(1) forming an acrylate adduct by reacting, in the presence of a monoacrylate and an inhibitor, an 
55 acrylate selected from 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 2-hydroxyethyl methacrylate, 

and mixtures thereof, with 

(a) 1 mole, ±10 mole %, per mole of said acrylate, of a compound selected from phthalic 
anhydride, maieic anhydride, trimellitic anhydride, and mixtures thereof and/or 

(b) 1 mole, ±1 mole %, per mole of said acrylate, of a compound selected from toulene 
so diisocyanate, 4,4'-diisocyanatodiphenylmethane, and mixtures thereof. 

(2) forming an acrylated epoxy by reacting said acrylate adduct with an epoxy resin having an 
E.E.W. of from 1500 to 5000 in the presence of a monoacrylate and an inhibitor; 

(3) forming an acrylated isocyanate by reacting an acrylate selected from 2-hydroxyethyl acrylate, 2- 
hydroxypropyl acrylate, 2-hydroxyethyl methacrylate, and mixtures thereof, with 1 mole, ±1 mole %, per 

65 mole of said acrylate, of a compound selected from toluene diisocyanate, 4,4'-diisocyanatodiphenyl- 
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methane, and mixtures thereof, in the presence of a monoacrylate and an inhibitor; 

(4) forming an acrylated blocked isocyanate by reacting caprolactam with 1 mole %, per mole "of 
said caprolactam, of said acrylated isocyanate; 

(5) forming a blend of 

(a) from 20 to 40% by weight of said acrylated epoxy; 

(b) from 4 to 15% by weight of said acrylated blocked isocyanate; 

(c) from 45 to 65% by weight of said monoacrylate, of which at least 60% by weight is 
phenoxyethyl acrylate; 

(d) from 5 to 20% by weight of a polyacrylate, of which at least about 50% is tetraethylene glycol 
diacrylate; 

(e) from 2 to 5% by weight of a photoinitiator; and 

(f) from 0.05 to 0.3% by. weight inhibitor. 

6. A method of forming a coating on a conductor characterized by 

(A) applying a composition according to any of claims 1 to 4 to said conductor; 

(B) curing said composition by exposure to UV radiation; 

(C) forming said conductor into a coil; and 

(D) post curing said coil with heat. 

7. A method according to claim 6, characterized in that the conductor is a metal strip. 

8. A method according to claim 7, characterized in that the metal is aluminum. 

9. A method according to claim 8, characterized by the additional step between steps (B) and (C) of 
winding the metal strip into a transformer coil. 

10. A transformer coil made according to the method of claim 9. 

Patentanspruche 

1. Eine durch UV-Strahlen hartbare Beschichtungszusammensetzung, dadurch gekennzeichnet, daft 
die Zusammensetzung folgendes umfaftt: 

(A) 20 bis 40 Gew% eines acrylierten Epoxyharzes, welches das Reaktionsprodukt von etwa zwei 
Aquivalenten eines Epoxyharzes mit einem Epoxyaquivalentgewicht von 1500 bis 5000, sowie von 0,9 bis 
1,1 Aquivalenten von 

(1) einem Anhydrid-Acrylat-Addukt, wo das Anhydrid-Acrylat-Addukt eine Funktionalitat von 1 
aufweist, ausgenommen im Fall von trimellitischem Anhydrid, wo das Addukt eine Funktionalitat von 2 auf- 
weist, wobei das AnhydridrAcrylat-Addukt das Reaktionsprodukt von 

(a) einem Acrylat, ausgewahlt aus 2-Hydroxyathyl-Acrylat, 2-Hydroxypropyl-Acrylat, 2- 
Hydroxyathyl-Meth acrylat und Mischungen davon; und von 

(b) 1 Mol, ±10 Moi%, pro Mol des Acryiats, eines Anhydrids, ausgewahlt aus phthalischem 
Anhydrid, Maleinanhydrid, trimellitischem Anhydrid und Mischungen davon umfaftt; und/oder 

(2) einem Isocyanat umfaftt, das das Reaktions-produkt von 

(a) 1 Mol eines Acryiats, ausgewahlt aus 2-Hydroxyathyl-Acrylat, 2-Hydroxypropyl-Acrylat, 2- 
Hydroxyathyl-Methacrylat, und Mischungen davon; und von 

(b) 1 Mol Toluoldiisocyanat, 4,4'-Diisocyanatodiphenylmethan, oder Mischungen davon; umfaftt, 

(B) 4 bis 15 Gew% eines acrylierten gebiockten Isocyanats, welches das Reaktionsprodukt von 1 Mol 
Caprolactam und 1 Mol eines Isocyanat-Adduktes umfaftt, welches das Reaktionsprodukt von 

(1) 1 Mol eines Acryiats, ausgewahlt aus 2-Hydroxyathyl-Acrylat, 2-Hydroxypropyl-Acrylat 2- 
Hydroxyathyl-Methacrylat, und Mischungen davon; und von 

(2) 0,99 bis 1,01 Moi einer Verbindung, ausgewahlt aus Toiuol-Diisocyanat, 4,4'-Diisocyanato- 
Diphenylmethan, und Mischungen davon; umfaftt, 

(C) 45 bis 65 Gew% eines Monoacrylats, von dem zumlndest 60 Gew% Phenoxyathyl-Acrylat ist; 

(D) 5 bis 20 Gew% eines Polyacrylats, von dem zumlndest etwa 50% TetraSthylenglykol-Diacrylat ist; 

(E) 2 bis 5 Gew% eines Photo initiators; 

(F) 0,05 bis 0,3 Gew% inhibitor; und 

(G) bis zu 30 Gew% einer Verbindung, ausgewahlt aus acryliertem Hexamethoxymethyl-Melamin, 
acryliertem Urethan und Mischungen davon. 

2. Eine Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daft das Epoxyharz ein 
Bisphenol-A-Epoxyharz ist. 

3. Eine Zusammensetzung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daft der Inhibitor 
ausgewahlt ist aus Benzoquinon, Hydroquinon und Mischungen davon. 

4. Eine durch UV-Strahlen hartbare Beschichtungszusammensetzung, dadurch gekennzeichnet, daft 
die Zusammensetzung folgendes umfaftt: 

(A) 25 bis 35 Gew% eines acrylierten Epoxyharzes, das das Reaktionsprodukt von 

(1) einem Bisphenol-A-Epoxyharz mit einem Epoxy-§quivalentgewicht von 1500 bis 5000; 

(2) einem Acrylat-Addukt umfaftt, das daft Reaktionsprodukt von 

(a) einem Acrylat ausgewahlt aus 2-Hydroxyathyl-Acrylat, 2-Hydroxyathyl-Acrylat, und 
Mischungen davon; und 

(b) 1 Mol, ±10 Mol% pro Mol des Acryiats, trimellitisches Anhydrid, umfaftt; 
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(B) 4 bis 10 Gew% eines acrylierten geblockten Isocyanats, das das Reakionsprodukt von 

(1) Caprolactam; und 

(2) 1 Mol, ±1 Mol%, pro Mol des Caprolactam, Isocyanat-Addukt umfaBt, welches das 
Reaktlonsprodukt von 

5 (a) einem Acrylat, ausgewahlt aus 2-Hydroxyathyl-Acrylat, 2-Hydroxypropyl-Acrylat, und 

Mischungen davon; 

(b) 1 Mol, ± Mol%, pro Mol des Acrylats, Toluol-diisocyanat, 4,4'-Diisocyanato-DiphenYl-Methan 
oder Mischungen davon, umfaSt; 

(CI 50 bis 60 Gew% eines Monoacrylats, von dem zumindest 60 Gew% Phenoxyathyl-Acrylat ist; 
to (D) 7 bis 1 1 Gew% eines Polyacrylat, von dem zumindest etwa 50% Tetraathylen-Glykol-Diacrylat ist; 

(E) 2 bis 5% eines Photoinitiators; 

(F) 0,05 bis 0,3% Inhibitor; und 

(G) 10 bis 20 Gew% einer Verbindung, ausgewahlt aus acryliertem Hexamethoxymethyl-Melamin, 
acryliertem Urethan, und Mischungen davon; umfaBt. 

15 5. Verfahren zur Herstellung einer durch UV-Strahlen aushartbaren Beschichtungszusammensetzung, 

gekennzeichnet durch 

(1) Bilden eines acrylierten Adduktes durch Reagieren, in der Anwesenheit von Monoacrylat und 
einem Inhibitor, von einem Acrylat, ausgewahlt aus 2-Hydroxyathyl-Acrylat, 2-Hydroxypropyl-Acrylat, 2- 
Hydroxyathyl-Methacrylat, und Mischungen davon, mit 

20 (a) 1 Mol, ±10 Mol%, pro Mol des Acrylats, einer Verbindung, ausgewahlt aus phthalischem 

Anhydrid, Malein-Anhydrid, trimellitischem Anhydrid, und Mischungen davon, und/oder 

(b) 1 Mol, ±1 Mo!%, pro Mol des Acrylats, einer Verbindung, ausgewahlt aus Toluol-Diisocyanat, 
4,4'-Diisocyanato-Diphenylmethan, und Mischungen davon; 

(2) Formen eines acrylierten Epoxyharzes durch Reagieren des Acrylat-Adduktes mit einem 
25 Epoxyharz, das ein Epoxyaquivalentgewicht von 1 500 bis 5000 besitzt, in Anwesenheit eines Monoacrylats 

und eines Inhibitors; 

(3) Bilden eines acrylierten Isocyanats durch Reagieren eines Acrylats, ausgewahlt aus 2-Hydroxy- 
athyl-Acrylat, 2-Hydroxypropyl-Acrylat, 2-Hydroxyathyl-Methacrylat, und Mischungen davon, mit 1 Mol, 
±1 Mol%, pro Mol des Acrylats, einer Verbindung, ausgewahlt aus Toluol-Diisocyanat, 4,4'-Diisocyanato- 

30 Diphenylmethan, und Mischungen davon, in der Anwesenheit eines Monoacrylats und eines Inhibitors; 

(4) Bilden eines acrylierten geblockten Isocyanats durch Reagieren von Caprolactam mit 1 Mol, ±1 
Mol%, pro Mol des Caprolactams, acryliertem isocyanat; 

(5) Bilden einer Mischung aus 

(a) 20 bis 40 Gew% des acrylierten Epoxyharzes; 
3S (b) 4 bis 15 Gew% des acrylierten geblockten Isocyanats; 

(c) 45 bis 65 Gew% des Monoacrylats, von dem zumindest 60 Gew% Phenoxyathyl-Acrylat ist; 

(d) 5 bis 20 Gew% eines Polyacrylats, von dem zumindest etwa 50 Gew% Tetraathylen-Glykol- 
Diacrylat ist; 

(e) 2 bis 5 Gew% eines Photoinitiators; und 
40 (f) 0,05 bis 0,3 Gew% Inhibitor. 

6. Ein Verfahren zur Bildung einer Beschichtung auf einem Leiter, gekennzeichnet durch 

(A) Aufbringen einer Zusammensetzung gemafc einem der Anspruche 1 bis 4 auf den Leiter; 

(B) Harten der Zusammensetzung durch Bestrahlung mit Ultraviolettstrahlung; 

(C) Formen des Leiters zu einer Spule; und 
45 (D) Nachharten der Spule mit Hitze. 

7. Ein Verfahren nach Anspruch 6, dadurch gekennzeichnet, dafc der Leiter ein Metallstreifen ist. 

8. Ein Verfahren nach Anspruch 7, dadurch gekennzeichnet, daB das Metall Aluminium ist. 

9. Ein Verfahren nach Anspruch 8, dadurch gekennzeichnet, durch den zusatzlichen Schritt des- . 
Wickelns des Metallstreifens zu einer Transformatorspule zwischen den Schritten (B) und (C). 

so 10. Eine Transformatorspule, hergestellfgemafc dem Verfahren von Anspruch 9. 

Revendications 

1. Composition de revetement durcissable par irradiation ultraviolette, caracterisee en ce que ladite 
66 composition comprend: 

(A) de 20 a 40% en poids d'un epoxyde combine* avec un acrylate, qui comprend le produit de reaction 
d' environ 2 Equivalents d'une resine Epoxy ayant un poids d'equivalent 6poxy (PEE) de 1500 a 5000, et de 
0,9 a 1,1 Equivalent de 

(1) un adduct d'acrylate et-anhydride, ledit adduct d'acrylate et anhydride ayant une fonctionnalite 
so de 1, sauf que le cas de I'anhydride trimellitique ou ledit adduct a une fonctionnalitE de 2, ledit adduct 
d'acrylate et anhydride comprenant le produit de reaction de 

(a) un acrylate choisi parmi I'acrylate de 2-hydroxy6thyle, I'acrylate de 2-hydroxypropyle, le 
methacrylate de 2-hydroxyethyle, et des melanges de ceux-ci; et 

(b) 1 mole, ± 10% en mole, par mole dudit acrylate, d'un anhydride choisi parmi I'anhydride 
65 phthalique, I'anhydride malelque, I'anhydride trimellitique et des melanges de ceux-ci; et/ou 
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(2) un isocyanate qui comprend le produit de reaction de: 

(a) 1 mole d'un acrylate choisi parmi I'acrylate de 2-hydroxyethyle, I'acrylate de 2-hydroxypropyle, 
ie methacrylate de 2-hydroxyethyle et des melanges de ceux-ci; et 

(b) 1 mole de diisocyanate de toluene, 4,4'-diisocyanatodiphenylmethane ou melanges de ceux- 

5 ci; 

(B) de 4 a 15% d'un isocyanate bloque, combine a un acrylate, qui comprend le produit de.reaction 
d'une mole de caprolactame et d'une mole d'un adduct d'isocyanate, lequel comprend le produit de 
reaction de 

(1) 1 mole d'un acrylate choisi parmi I'acrylate de 2-hydroxyethyle, I'acrylate de 2-hydroxypropyle, 
10 (e methacrylate de 2-hydroxyethyle et des melanges de ceux-ci f et 

(2) de 0,99 a 1,01 mole d'un compose choisi parmi le diisocyanate de toluene, le 4,4'- 
diisocyanatodiphenylmethane et des melanges de ceux-ci; 

(C) de 45 a 65% en un poids d'un monoacrylate dont au moins 60% en poids sont constitues par de 
I'acrylate de phenoxyethyle, 

is (D) de 5 a 20% en poids d'un polyacrylate dont au moins environ 50% sont constitute par du 

diacrylate de tetraethylenegiycol; 

(E) de 2 a 5% en poids d'un photo-initiateur; 

(F) de 0,05 a 0,3% en poids d'inhibiteur; et 

(G) jusqu'a 30% en poids d'un compose* choisi parmi une hexamethoxymethylm6lamihe combinee a 
20 un acrylate, un methanne combine a un acrylate, et des melanges de ceux-ci. 

2. Composition selon la revendication 1, caracterisee en ce que la resine epoxy est une resine 6poxy a 
base de bisphenol A. 

3. Composition selon la revendication 1 ou 2, caracterisee en ce que I'inhibiteur est choisi parmi la 
benzoquinone, I'hydroquinone, et des melanges de celles-ci. 

25 4. Composition de revetement durcissable par irradiation UV, caracterisee en ce que ladtte 

composition comprend: 

(A) de 25 a 35% en poids d'un epoxyde combine a un acrylate, qui comprend le produit de reaction de 

(1) une resin epoxy a base de bisphenol A, ayant un PEE de 1500 a 5000; 

(2) un adduct d'acrylate qui comprend le produit de reaction de 

30 (a) un acrylate choisi parmi I'acrylate de 2-hydroxyethyle, I'acrylate de 2-hydroxypropyle et des 

melanges de ceux-ci; et 

(b) 1 mole, ± 10% en mole, par mole dudit acrylate, d'hydride trimellltique, 

(B) de 4 a 10% en poids d'un isocyanate bloque\ combine" a un acrylate, qui comprend le produit de 
reaction de 

35 (1) caprolactame; et 

(2) 1 mole, ± 1% en mole, par mole dudit caprolactame, d'un adduct d'isocyanate, qui comprend le 
produit de reaction de 

(a) un acrylate choisi parmi I'acrylate de 2-hydroxyethyle, I'acrylate de 2-hydroxypropyle et des 
melanges de ceuxi-ci; 

40 (b) 1 mole, ± 1% en mole, par mole dudit acrylate, de diisocyanate de toluene, 4,4'-diisocyanato- 

diphenylmSthane ou de melanges de ceux-ci; 

(C) de 50 a 60% en poids d'un monoacrylate, dont au moins 50% en poids sont constitues par de 
I'acrylate de ph6noxy6thyle; 

(D) de 7 a 1 1 % en poids d'un polyacrylate, dont au moins environ 50% en poids sont constitues par du 
45 diacrylate de t6tra£thyldneglycol; 

(E) de 2 a 5% d'un photo-initiateur; 

(F) de 0,05 a 0,3% d'inhibiteur; et 

(G) de 10 a 20% en poids d'un compose Choisi parmi rhexamethoxymethylmelamine combinee a un 
acrylate, \jn ur6thanne combine a un acrylate, et des melanges de ceux-ci. 

so 5. Procede pour la preparation d'une composition de revetement durcissable par irradiation UV, 

caracterise par: 

(1) la formation d'un adduct d'acrylate par reaction, en presence d'un monoacrylate et d'un 
inhibiteur, d'un acrylate choisi parmi I'acrylate de 2-hydroxy6thyle, I'acrylate de 2-hydroxypropyle, le 
methacrylate de 2-hydroxyethyle est des melanges de ceux-ci, avec 

55 ( a ) 1 mole, ± 10% en mole, par mole dudit acrylate, d'un compose choisi parmi I'ahydride 

phthalique, I'anhydride mal&'que, I'ahydride trimellitique et des melanges de ceux-ci, et/ou 

(b) 1 mole, ± 1% en mole, par mole dudit acrylate, d'un compost choisi parmi le diisocyanate de 
toluene, le 4,4'-diisocyanatodiphenylm£thane et des melanges de ceux-ci; 

(2) la formation d'un epoxyde combine a un acrylate, par reaction dudit adduct d'acrylate avec une 
60 resine epoxyde ayant un PEE de 1500 a 5000, en presence d'un monoacrylate et d'un inhibiteur; 

(3) la formation d'un isocyanate combing a un acrylate, par reaction d'un acrylate choisi parmi 
I'acrylate de 2-hydroxyethyle, I'acrylate de 2-hydroxypropyle, le methacrylate de 2-hydroxyethyle et des 
melanges de ceux-ci, avec 1 mole, ± 1% en mole, par mole dudit acrylate, d'un compose choisi parmi le 
diisocyanate de toluene, le 4,4'-diisocyanatodiphenylmethane, et des melanges de ceux-ci, en presence 

65 d'un monoacrylate et d'un inhibiteur; 
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(4) (a formation d'un isocyanate bloque, combine a un acrylate, par reaction du caprolactame avec 1 
mole, ± 1% en mole, par mole dudit caprolactame, dudit isocyanate combinee a un aery late; 

(5) la formation d'un melange de 

(a) de 20 a 40% en poids dudit epoxyde combine a un acrylate; 

(b) de 4 a 15% en poids dudit isocyanate bloque, combine a un acrylate; 

(c) de 45 a 65% en poids dudit monoacrylate, dont au moins 50% en poids sont constitues par de 
I'acrylate de phenoxyethyle; 

(d) de 5 a 20% en poids d'un polyacrylate, dont au moins 50% en poids sont constitues par du 
diacrylate de tetraethyleneglycal; 

(e) de 2 a 5% en poids d'un photo-inhibiteur; et 

(f) de 0,05 a 0,3% en poids d'un inhibiteur. 

6. Procede pour ia formation d'un revetement sur un conducteur, caracterise par 

(A) I'application sur ledit conducteur d'une composition selon I'une quelconque des revendications 1 a 

4; 

(B) le durcissement de ladite composition par exposition a un rayonnement UV; 

(C) la mise dudit conducteur sous forme d'une bobine; et 

(D) le durcissement ulterieur de ladite bobine a la chaleur. 

7. Procede selon la revendication 6, caracterise en ce que le conducteur est une bande de metal. 

8. Procede selon la revendication 7, caracterise en ce que le metal est I'aluminium. 

9. Procede selon la revendication 8, caracterise par I'etape supplemental, entre les etapes (B) et (C), 
d'enroulement de la bande de metal en un enroulement pour transformateur. 

10. Enroulement pour transformateur, fabrique selon le procede de la revendication 9. 



15 



